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Qutline

. This is only a selection
Jet algorithms REIEETESNCTRENIES

"
Low PT QCD from Tevatron!!!

e Correlation of particle inside
a jet & Fragmentation

High P; QCD
e Inclusive jet cross section:

v' Midpoint cone and K; central
jets

4 KT forward jets
o NLO comparison

Heavy flavour jets:
v'  u-tagged jet cross section
v'  b-tagged jets:
o Inclusive cross section
o Dijet correlation
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Jet algorithms

Jets are collimated sprays of hadrons
originating from the hard scattering

Appropriate jet search algorithms are
necessary to define/study hard physics
and compare with theory

Different algorithms correspond to
different observables and give different E—
results! ~ JefClu R=0.7

K, D=10
- K, D=07

MidPoint(come)
Cluster particle/towers

Based on their proximity
in the y-¢ plane

Only towers with E; > 0.5 GeV are shown
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Jet corrections DO

v' Calorimeter jets: complex detector behavior

» must correct for detector resolution and
efficiency

¥ must correct for pile-up interactions (up to
~6 extra interactions)

: B

v" Hadron jets: model dependent correction
» underlying event subtraction

¥ remove fragmentation/hadronization effects
e Monte Carlo model based
- Need to be tuned on data!!!
by using many different observables

: ]

v Parton jets: model dependent correction

» Gluon radiation, energy loss
e Monte Carlo model based

To compa}e with theory is important to have a good (phenomenological)
simulation of soft physics: Underlying event, hadronization, fragmentation



Two particle momentum
correlation & hadronization
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.Inclusive Jet Cross Section-CDF

(MidPoint algorithm R=0.7)
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v" Data dominated by Jet Energy
Scale (JES) uncertainties (3%)

v NLO uncertainty due to high x

gluon PDF

Good agreement with NLO CTEQ6.1IM

Andrea Messina
Infn Rome-CDF

Cross Section Ratio (Data/ Theory)

Parton to Hadron Level Corrections

Central jets:

DO
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3 Data corrected to the parton level
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Inclusive Jet Cross Section-DO [¥¥
(MidPoint algorithm R=0.7)

2 regions in rapidity explored Jet energy scale uncertainty
lyletl< 0.4 =>» dominant error
0.4 dytlc0.8 L = 380 pb! , -
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CDF Run |l Preliminary

Inclusive Jet Cross Section-CDF
L =1 fb! (I<T algorithm D=0.7)

Central jets: 0.1|yiet< 0.7
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Central jets

® Probes physics at small
distances =10-"m

e Sensitive to PDF (gluon @ high-x)

® At high p; dominated by jet
energy systematic

How we see
) different-
g 3 DR sized
objects:

electron
microscope
accelerator

Andrea Messina
Infn Rome-CDF

Inclusive Jet Cross Section

3 - D@ Central + Forward Jets (1] < 3.0)

CDE/D@ Central Jets (In] < 0.7)

ZEUS 95 BPC+BPT+SVTX &
H1 95 SVTX + H1 96 ISR

L[] zEUS 96-97 & H1 9497 prel
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10° 0~ 10 10° 10~

Forward jets measurements:
distinguish between new physics

and PDF if any excess in the
central region.

different jet E;=>different syst

XLI Rencontres De Moriond - QCD and high energy
hadronic interactions - La Thuile March 2006
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Forward Jet Cross Section-CDF w
(K, algorithm D=0.7)
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M-Tagged jets D5

e jet containing heavy flavour often contain u

=> search for u enhances heavy flavour content

M-Tagged jets cross section Data/Pyhtia = 1.3 (flat)
L = 300 pb-!
i Pt>25 25
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€ Inclusive bjet cross section D

Reconstruct (silicon detector) secondary vertex from B

. CDF Runll Prelimina
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Summary

v Tevatron delivered More than 1.6 fb-!
¥ Both CDF and DO are performing well

¥ Theory (CTEQ6IM) agrees with MidPoint and K; jet
cross section over 8 order of magnitude

¥ K; jet algorithm works fine in hadronic collisions

¥ b-jet production measurements are self consistent
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€ Inclusive jet Cross Section DO

NEW L =1 fb-!
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Inclusive jet K

NEW L =1 fb-!
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Good agreement with Theory @ NLO!!!

K; algorithm works in hadron-hadron collisions!!!
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€ Underlying event and [
Hadronization

To compare with theory is important to have a good (phenomenological)
simulation of soft physics: Underlying event, hadronization, fragmentation

Jet #1 Direction

“Toward-Side” Jet Pythia! Tune .A.
CDF

Jet shape inclusive jet production (CDF):
Phys. Rev.D 71, 112002 (2005)

Jet #3 »

“Away-Side” Jet

Shower Monte Carlo can

be tuned to reproduce
data behavior

Andrea Messina XLI Rencontres De Moriond - QCD and high energy 18
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MidPoint algorithm R = 0.7
2 regions in rapidity explored
lyietl< 0.4

Inclusive jet (DO)

Jet energy scale uncertainty
=>» dominant error

. = -1 ol y
0.4 <|lyiet|< 0.8 = 380 pb S “Sc D@ Run Il preliminary
= E — %35 NLOQCD ¥ <04
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S F 2E L
&104? ° |y| <04 (X10) 1.5;_ ...4-0-01"0‘"!"'*-'-_ i
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- B 2E
10_1|;— 1'5;_ YT xR ;-_-+—
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107 R
- CTEQ6.1M 100 200 300 400 500 600
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-4 = .
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o (GeV) NLO pl"ediC'l'iOI"l
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Ratic to CTEQS

€@ Gluon PDF at high-x

E.g. Forward jets
measurements help to
distinguish between new
physics and PDF if any

from Run |

- D@ Central + Forward Jets (1] < 3.0)

oL CDE/D@ Central Jets (In] < 0.7)
: ZEUS 95 BPC+BPT+SVTX &

- H1 95 SVTX + H1 96 ISR
0L [ ] zEUS 96-97 & H1 9497 prel

=[] Eoes

o 3:_ [ ] cHorUS e |
excess in the central region S [L]com
8 ,,: D JINR-THEP
o "F []maBEs7-010
o [ ] Bcpms
L I B 0 f [ wwe
gluon at @ = 3.16 GeV r SLAC /////_: -.
1 P
} ////; ) -
R Nt l I o F o 3
gl i o7 doT a0ttt 100 o]
HH\ H H ym | x
: Uncer’raln’ry on gluon
" PDF (from CTEQS6)
3 Big uncertainty for
Ed‘s‘TllLl"l 1|0‘I‘ I .o|1 .o‘a .ols 1IX 2 3 .4| .5I o s‘ .9I1 high—x gluon pDF
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> I —e— Data (stat. error) H E L et rom daara:
% 0'6? [ ] Total syst. error 8 " 1, aggedjl
X o - use shape of
g F - secondary vertex
8 041 IL 0 y
T S (1
03l lﬂll.llliz.} 5 Mass
=l ! lT& a1 L T R S NN DR W
- 1 ‘TLT.. ‘_‘ Mass secondary vertex [GeV/czl
0.2 41 "hL
| i —
0.1 l
0: — l ) l - I A i —— l 0 - L l — ded. l ded A A l I
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P jet[GeV/c]
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W+jets results

Differential xsec wrt jet E; in each of Integrated xsec wrt jet E; in each of
the 4 W+ n jet inclusive samples the 4 W+ n jet inclusive samples
(W—ev) + > njets _CDF Run Il Preliminary (W—>eV) +=>njets CDF Run Il Preliminary
;‘ T I T L T I T T L I T T L I T T I T T I T L T I T L T I S‘ | T T T T I T T T T I T T T T | T T T T I T T ]
8 102, *f* CDF Data [aL = 20 pb” = 0l ""e' - + CDF Data - s2op”
-\g_ g tmm_ Wkin: ES =20[GeV]; [n°]<1.1 3 = - WKkin:  E5z20[GeV]; n° < 1.1 =
= 10 le w o MY = 20[GeV/c’]; E) = 30[GeV] ny C 2™jet - MY = 20[GeV/c?]; E} =30[GeV] ]
s 3%jet “w e Jets:  JetClu R=0.4; |1|<2.0 3 B s "“ww Jets: pauiin Beg s Mies ion ]
% 1 "'m mm fe— hadron level; no UE correction :8, 10 - fdronlave’; no eorrection —
Rty o ~F- LO Alpgen + PYTHIA —& E 3%t " m"“:‘m ~i LO Alpgen + PYTHIA -
PR == - E e -
10" I —— - o b .
§ - 1 "t T, ey, -
102 i | 2 T ‘% -
10° | i 107 ﬁvﬁ HH;_‘HT-H .-
10 ; — ]
L I ! L ! I ! ! L I ! ! o I L L I - ! . I ! L L I ! L L l L 10 E'—l l 1 1 —t 1 1 1 1 1 1 1 1 I 1 1 1 l 1 l._'g
0 50 100 150 200 250 300 350 o = 100 150 .

Jet Transverse Energy [GeV] Jet Transverse Energy (ErTnin) [GeV]

Caveat: this is not a full theory to data comparison. MC have been normalized

to data inclusive cross section in each jet multiplicity sample!
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W+jets results D&

Differential xsec wrt di-jet invariant Differential xsec wrt di-jet AR in the
mass in the W+ 2 jet inclusive samples W+ 2 jet inclusive samples
] (W—ev) + >2jets CDF Run Il Preliminary (W—ev) +>2 jets CDF Run Il Preliminary
N: E T T T T [ T T T T I T T T T ] T T T T I E a‘ :l 1T I T T I T TT I 1T I L I LI I T TT I T TT I L I T l:
S F * CDF Data IdL = 320 pb” 1 £ asf -t CDFData j"L = 320pb” o
8 B ‘!F:m WKkin:  E3z20[GeV]; |n°|< 1.1 . -9;'2 — Wkin: | E7=20[GeV]; |i|< 1.1 .
e B MY = 20[GeV/c?]; E} = 30[GeV] o L D = MY = 20[GeV/c); E} = 30[GeV] =
2 10" %:z Jets:  JetClu R=0.4; [1|<2.0; EF' z15[Gev] _ | - Jets: -’:et;ilu FIl=D-‘Il; MIﬁg;E'r" 3t1_5[G°V] -
== = & hadron level; no UE correction = - adron level; no Uk correction .
S 45 +F LO Alpgen + PYTHIA 13 2-5:—+ LO Alpgen + PYTHIA . =
s f = i - E
- - . 2 3 -
102 == — - o -
- == : E. ¢ I T - s
- —3— i 1= = i eahica - =
10° - — = 4 =
= I - 0.5 3 —_
- - - == -
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Caveat: this is not a full theory to data comparison. MC have been normalized

to data inclusive cross section in each jet multiplicity sample!
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<\

Cone based jets: R = 0.7, In J¢f|< 1.2
E;!s'>30GeV, E;*'>20GeV

Reconstruct secondary vertex from B
hadron decays (b-tagging)

Shape of secondary verftex mass used
to extract b-fraction from data

Obb - 34.511.8110.5 I"Ib

CDF Run Il Preliminary

E —ea— Data
" &0 Pythia (CTEQSI)

“Toward”

bbar-jet
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bb jet correlation

do 1
JEL (nb GeV')

Y
<

XLI Rencontres De Moriond - QCD and high energy
hadronic interactions - La Thuile March 2006

CDF Run Il Preliminary

—— Data
&1 Pythia (CTEQ5I)

T e R e '{ue'a‘;ij:ttlng ('G'e;};n
zizgi‘: Tune A 38.7 0.6 nb
HERWIG CTEQSL 21.5+0.7 nb
MC@NLO 28.5+ 0.6 nb
MC@NLO + JIMMY | 35.7 + 2.0 nb

Relevant contribution from multiple
parton interactions!!!
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